Baroreflex equilibrium diagram of the neural arc and the peripheral arc in vestibular-intact (sham) (left) and VL (right) rats.
I. INTRODUCTION
A postural change from a recumbent to an upright position induces an increase in the hydrostatic pressure gradient, a footward fluid shift, reduced venous return and cardiac output, and reduced arterial pressure (AP). This reduction in AP is sensed by baroreceptors in the blood vessels, and AP is thought to be stabilized by the arterial baroreflex, an important negative feedback process. Alternatively, postural changes might stimulate the vestibular organ, which is also thought to be involved in AP regulation with postural change 1 . AP maintenance during passive postural change was found to be dependent on the vestibular system: if the vestibular system was not functioning properly, AP decreased or fluctuated.
Stimulation of the vestibular system by head movement or changes in gravitational forces is known to induce sympathoexcitation 2 . Although sympathoexcitation was observed during postural change, it is not clear whether it is mediated through the vestibular system. Postural change-induced AP decrease might also induce sympathoexcitation through the arterial baroreflex. In this regard, Ray 3 reported that lower body negative pressure, which is a result of postural change-induced footward fluid shift, induces an increase in sympathetic nerve activity (SNA); a further increase in SNA was observed by head-down rotation. This result suggests that the observed sympathoexcitation upon postural change might be a sum of the baroreflex-mediated and the vestibular-mediated sympathoexcitation.
Thus it is possible that vestibular-mediated sympathoexcitation modulates arterial baroreflex function during postural change. To examine this, we analyzed the functional interaction between the baroreflex and the vestibular system during postural change.
II. METHODS
Operations to generate the sham (n = 7) and vestibular lesion (VL, n = 7) rats were performed 5 days before the experiment. On the day of the experiment, a venous catheter for continuous administration of anesthetic agent and muscle relaxant was inserted into the left femoral vein. An arterial catheter was inserted into the left femoral artery to measure *Resrach supported by ABC Foundation. C. A. and H. M. Authors is with the Dept. of Physiology, Gifu Univ. Graduate School of Medicine, 1-1 Yanagido, Gifu 501-1194, Japan (phone: +81-58-230-6300; e-mail: chikaraman20@ gmail.com).
T. K. and M. S. Authors is Department of Cardiovascular Dynamics, National Cerebral and Cardiovascular Center Research Institute, Suita, Japan AP. To record SNA, the postganglionic renal sympathetic nerve was isolated through a right or left flank incision, and two stainless-steel electrodes were placed around it. Bilateral vagal and aortic nerves were sectioned, and then the carotid sinus regions were isolated bilaterally from the systemic circulation. To estimate the static input-output relationship of the carotid sinus baroreflex, the carotid sinus pressure (CSP) was set to 60 mmHg for 4-6 min and then increased stepwise from 60 to 180 mmHg in increments of 20 mmHg per 30 s. This procedure was repeated three times in the prone horizontal position and three times in the head-up tilt (HUT) position. We analyzed the static characteristics of the baroreflex neural arc (relationship between CSP and SNA) and baroreflex peripheral arc (relationship between SNA and AP) in sham or VL rats during prone or HUT position.
III. RESULTS AND DISCUSSION
HUT shifted the baroreflex neural arc to a higher SNA, shifted the baroreflex peripheral arc to a lower AP, and, consequently, moved the operating point to a higher SNA while maintaining AP (from 113 ± 5 to 114 ± 5 mmHg, "a" to "b" in figure) . The HUT-induced neural arc shift was completely abolished in VL rats, whereas the peripheral arc shifted to a lower AP and the operating point moved to a lower AP (from 116 ± 3 to 84 ± 5 mmHg, "c" to "d" in figure) . These results indicate that the vestibular system elicits sympathoexcitation, shifting the baroreflex neural arc to a higher SNA and maintaining AP during HUT.
